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(54) LASER BEAM MACHINING METHOD AND LASER BEAM MACHINING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of cutting a machining object 
without developing a crack, deviating from the 
predetermined line for welding or cutting on the surface 
of the machining object, and accurately. 
SOLUTION: A reforming area is formed in the machining 
object by radiating a pulse laser beam L onto the 
predetermined line 5 for cutting under the condition of 
causing multiple photon absorbtion, and making a 
condensing point P agree with the inside of the 
machining object 1. By splitting the machining object 1 
along the determined line 5 for cutting, the machining 
object 1 can be cut with a comperatively small force. 
Since in the irradiation of the laser beam L, the pulse 
laser beam L is scarcely absorbed on the surface 3 of 
the machining object 1, the surface 3 is not melted, 
caused by the formation of the reforming area. By 
adjusting the position of the condensing point P of the 
pulse laser beam L in the thickness direction of the 

machining object 1, the position of the reforming area in the thickness direction of the 
machining object is controlled. 
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> 5 KSotflES^ 1 *WZ>C£ 

tao. tt«w/hs <t*-ejjpi«3Wi 1 SrWWT set 

-C . 3 tfjgHtr £ C £ tttt 

t>„ JjDX#f#tf$5 1 CDfflf^^roliCfc^S^VUX U--1f3tL 
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[«#F8**©i8B] 

c mm i ] u - if *©*#* &taittsm<D w — tf 

jraxm^c t- -vytzmm-r z c t cc & o . mia^x 
ttm.Motyvsrfg.? 4 ><,m^xmuiNxtt%m<Dn%?> 
cc ^t-® irk j: 5 siii* jf^-r zxmzmz-z, 
is-ymxum. 

{ f»*a 2 ] gut e ASW ftcss^-f^ * * Rwm& 10 
ifil >{4«<C HflS ;* *i S . If 1 IBttO u - if *ox* 

[ mass 3] u— tfj6©**jS*ftixMft«©rta5(c 
^fo-s-cffirsaflni*f»!»K: u— yyt&mttzc tic j; 
0 . m&lsaxttMmvmm^M ■< > tc® -r mi aflax 

llgi, 20 

arcs* i xg« . u - if ft<Dmyt£.zmii]aTttMtM<D 
m&yj$nc*s\*>xm%zm i xficcfcws u-ifTEon^ 

JM$Xfa<Dm<D®8i'¥'M : ? J >iciQ-oXmiiMxn^ 

u— tfjnix^is. 

t 4 ] But Bf&0&Ktt8&ffliett«ttJ3 J: 0 *> 

f>rie»nxsta^©u— tf^oAWSWic^rs^ m* 30 
is 3 sett© u - if jbx^S. 

x 1 0 8 (w/cm 2 ) «±T'*o-C/-<JPXiti^ 1 MsWTi 

wa#**fiW 4, s»*« 1 ~ 4 ©^-rn*nciaigoD u 

-if*DX*& 

[mm 6 ] B9IEtOX»*»KU— !f**flSW^-S* 
X 1 0" (W/cm* ) M±.X-$>-z>X/-<)l>Z.1&& 1 *tst(Tt 40 

mmMZBf&tz, 1 - 4 ©^m^tctBtg© u 
— tfAnx^ra, 

X 1 0 s (W/cm ! ) «±T'* T /-C;l/*lH#5 1 nsWTi-T 
1 ~ 4 © (, > "fti *»(c I2*S© U- If flOX*i£ . 

1 mim 8 ] wmmx-ttmmcmi sn^u- -tf *© so 
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H3te*©f?fBJ?^i6j«:*jw4tia©sag5«. 

tuiaflDX»^(c^W 3 ti £ v -if 3fc©»**©mrlSJ! 
^fSjfc te W 4 mW.<D GSrg£frfBA«E#> ^> MlSl^gP s 

r ©sg& i 0 . b?i mm* m&mTttwmicwM s n e 

U— tf#5C*f-r £Mf21mX#&'ej©E»f*T-|Srr5C £ 
tcj; *3 . mim&Xfa K. is V) i> jtulBJnx*t&13j©*H2t & 

Iffliceg? -a- *©(c-iJSf«cmfiB/i*^{c*j^ suib 
jnxswft^cfl&cffl^^sss©^- zzmnt&tixD 

WiBftecfflMW^tts©^- * K*-3u-rirfBJnx*f^ 
«!*«riB»**i^ccffl*mK:»tts-es««ixsi. 
iwa»»xsa. mrtatast^Kis©^- * tcsn^r 

<D®mxmt. 

^str. 1 - 7 ©i^-rti^tcsats© l-— tf Jnx^r 

[It*ja9 ] *A,X.Wfi 1 /zs£(T©^Jl'*U-- !f3t 

iflTia u— tf3feas^6 taws n/c/^bx u— tf %<dm%& 

<D\Z-i?>*V-mm.1fi 1 X 1 0 s (W/cm 2 ) K(±tCf«c5«t 

ftnx^fii^©^^^^ -y >cc?s-,Tf?ia^*#mc j: 
4M^tipxjt^©rta5©3Ta©sa(c^*?-tf 5 fc*© 

MIBJ?^*|6lKteW •SBufBflnX^a^©tB^W^ttfi© 

iWiBBff^©fig£fjfB u-f»e.ffl*t? n/c^vu^ 
u — yyt&m&mxm mMcxm-r & xmrnfr h mt^ 

StiS^^I/^ U-tf*(c>itTSB«i3IniX*tli^J©JSST$ 

^iB^-r^satt^Si^ 

mflBlftfc^&tc j; 0 ti/c/^;l/^ u— tf *©«** 
*WiBAStHCC-^fc-lfS©K ! ^ii%fri3Jl*^|SjK*sW 

sBwainxsjftwoftofflspwjgftta©^- $ * mn? 
S6«©^- ^{c«-5t>-cfriB»nx*f^<&HJiBJi**[Si 

tfJDXilB. 

[iS>J<Jl 1 0 ] 1 u sJWT©-'>VV^ U-lf 

MiBU-1f*?g^6ta*f3nA:^J^U-if3l£©ai^. 

© tr —j'/'! 9 -afs*n x 1 o a (w/cm j ) wxtc^^j: 
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SiSB*^B:«:<fc *)myt$titcj*)i>x \s—Vit<nmJt& 
£, 

BUlSJmX*f ^CD^JBf -we ^ >r XC^Q o T ^' ;b X U — tf 

u-tr flnx^s 0 

[0 0 0 1 ] 10 

3 n ^ i/ - tfflpx^ffia^ u - if jjox^g cc n -f s . 

[0 0 0 2 ] 

* ^ 5 ^S^cd J: 5 & flnx^t^CD^JSlr T 4 tB9f 

aB^6SHccifij^r flnUfcggfc* jiff 3 i±r jjnx^fm© 20 
*$J8i-f £. b^u co^ffir«Jpx*t*L«yo*®o 

[0 0 0 3 ] 

952 8 ^sm^mm 2 0 00-1546 7-^s$rc-cbh 

Wf*S^lt »nx^**(DWK^4«Hff*u-tf*«: 

[0 004] L#>U Cft6©£«<D^:frffirtt. JD 
X3tft«!(C4tDSJ»«K3&^#^cb, fl&X#JA«!©*ffi 

£tf*5. ctor, cti60«JK*S"C«»*«JBf*-r 
C£#&5 8 cn6«^t«TOA^x^ 

[0005] ^Hjcoawa. ttix*t*!Bjo»fficc^ 
t> u-ifanx^jss^ u-if/jpxagBSrii^'r-s c £ r 

^>^o 50 
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[0006] 

U-1f*CDSI^^JnX»^OU-1f^<DA 

Slffi£l« u r»iix^^©rtacc^^^ojnx*Mfti» 
ffiBXttac^ffiBccsMso-r, anxatjfcjftccu— »f** 

o r »X»^Ort3Btc^*T-iRjR^ i Jfc 

«T*xg*B**t£**$»£-rs. 
[0007] *«w«:fifis u— tf janx^cc j:*nf , an 

m?z®ffitc{5!bfr(Dm* ft flnxstf*»*j*e 
ft/J> $ & o r $j»rr a c £ #t * s . *^(c^ 

^ >«c»o rflnx#a^#*Jft4 c £ cc J: 0 , flu 
X*f*»*«8fr-r*C£3Wr*S. «fc->T, tk«ft/h§ 

*S3^4C£«C<»X»ft^C[)ftJBr^nIft6£aa. & 
*J. l!3t^£«U-1f^*^L/c®§T(DC£r5)5 0 

ttK*«9-f>tt»x»*«©affi^najfcsaBK?i^ 
tf, flax^m^cDWgp^^^^^^®iR^^*g# 

tBU- If**! 13 £ ^ £ 'KiR 3 ti ft C * <DT* . flUX**^ 
<DfiB#&)ttrat£tt^ 0 «±<DC£ttWTCcs»i3B 
TS^Wfc«SU-tf»IIX*ffiCCo^Tfc»iL4C£ 
T^a o 

[0 0 0 9] 4te % *ai«cfl6&i/— tfftix^fficcj:*! 

u-tf*o*«jS*ax«*w©^*iftKfci»T: 
«««Jnx^ft^<DrtiBiti©A*fS£»r^-rsffi <m 

*»DX«*«jO*[HX{3affiCC^ D $ # i> £ AttXfcttfcift 

*«sectt»rr*a. tfJtox^ffifci: 
»K««*»x^*»©rt»*osfflBx«saff 

[0010] *#B9B«:«S tfSnX^ffife^T, AW 

— ^aggffisfrcfco, ftix*!f**{cjRBW3n-5u— if 

j-fBDtciac»{4BicilSg5S*aa. J: ^cT£c £#r# 
4 0 tfJDX^ffitcJctitf. K»«H«i^ 



* 
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xmmtc m^p- tv ^ * ^mm^ * * - > mm 3 ti 

. mjLMmncomm^m ^ >r > «s o xmxmsmo 
ftmc&3t*mw£ zmi xe 

&«{4*(canx^»^©rtSBcc^t)H±rfflx^*iacc u 

-Y >«Cf&o T JmX*f*i»Ortai5CC*3l6^!RiRK: J: & 
f603fc»««*»K««iS[(*Ss«'r4 cfc SKJBflt-fS 
I2Iii, 4fiSci4»»i1-S. 20 
C 0 0 i 1 ] tf»ux*ffi{c Jm 

[0012] *awcc«« u-ifjnx^ffificfct^-c. as 

£ u - If Xifi&MWm cc J: 0 SSL 5 ft 5 c i » ft c ><D 30 

[0013] «JJH!BLfc*»ECC«* U-1f»X*a 
(c«JaTO!B«*s*So JfflX»«%«cu-if:M£*M§ff 

j^i x i o e (w/cm 2 ) tl±r*or^;i/^*i36si 
T£-f £C<tCCj:*K U0X*t^<DrtgP5C £ ^ y zmm 

«. OTx«»aortfflrtt*^!RjRecj:4^^« 

C(D*^KJlB«fCj:0»IX»* 

tt©rt*ccdso-r**sBies*i. c™cj:Danx*f£^ 40 
x*t*«riortt, m*-U> *7^t$tf«tf*s*s. 
[0014] jnx^^c u-if**js»w-r 

U-lf^CDft^CCfc^^fc'-^y^-^^i x 1 0 
' (W/cm 2 ) Jil±"C^or^^^ifI^l ^sWTi-T^C 
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[0015] toX3t#Sjfc: tf*4«8W-r**fr*. 
U-1f^CDll^ic*5^6b"-^^*^^S^l X 1 o 
8 (W/an 2 ) a±r*-3t/^B*l nsfclTiT-SCi 
tc J: 0 . JaxStm^ortSptcMJif k L 
4ffi*f**ft««**tottK««*JI5SEr * c £ &r * 

*ftJX*fft®f(Drt3pccec:3-t*S<t, ftfcT-KiRlcj:* 

W8Bfc« *>«BSEfL »»ftXtt»aiEiai*cD7lc« 
ftftfltiifttttfftjg 3 ftr JB*r*£f fc««?Wia5S 3 ft 

cou-ifttxmcDljpx^^iLr^, # 

[0016] JDXS**«J(cR8WStia tf*<0«** 

«aft*D^-**awr«awxa4. jox^^ja 

■^-^^atifr^ffioaiffxsi, fficDti^w^ttgcD 
7=-^ccs^^rMx^^©^*fajicti^cc:^i& 

^a^^rJ!lDX»*ft*J»**|^CctB»Wtc#»3-&4 

#*©<aig*, A*fM^stHi urJnx*ta^©rtSi5o 
^^^r, inx»*»o^]&wjc*wsflpxs^i»<D« 

}JDX>ftm^CD/a?fS i <D«*SA«ffl* 6 U - If ^cd^t£ 
ja*roe«itt*. A«lf*6aiX»*«fiD 

rtSB*r©ffii»«r, ±%mmmx-m-rzc tic 

[0017] *^^c^5 *fjox«a«, /^Ji/xifi 
^i /iswro^vu^u-if3(£*ai*frsu-if*aa 

L^-1f*^6ffi*t3ti/c/^XU-tf*^ 
(Df-^/<7-Wl x 1 0 8 (W/cm 2 ) £LhJC&£<£ 
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t . fkmmc j: o «*3 tub*** u— «r %<jymt^, 

tf**s»IX»*!gi«: AW* 4 A»ffi*> ei^lSP* r-ODgg^ 
ifjfc«:;*J"f SJjnx*f ^CDffiSr^r-l^-r -5 c <h CC J: 9 » 

HK^fctf &©G£&g&/S#;£ftte:teWSMX>tfmfJ© 

[ooi8] sfc. *ifeHj(c^5 u-if mxisu, 

%&.<D\z-V>-iKI-&Wfi 1X10* (W/cm' ) ULtCCft 
J-i A> X U - If 3t©*36*© tfiffll * flUlSWWOiP* OI6 

SotA-jwv- if yt<om%& * $m fl^c^jfr s ^ ^ 

[0019] ctie.©*fSH«:«*U-1f3!lDX«a«cj: 

tit*. ±sa**wtc««u-tfjpx*SiPi«oas«c 
flnx^t^oi^gRtcfc^-cflnx^fm©)©^^^ 

if ^©fiiS *«K» L-fc U- if 

[0020] 

-3t>-cia®*fflc>riawr*. ^sdk^Bcc^i — if 

flPX^RO'u-ifJjnxSgtt:. ^^(RJRtCcfc^^cS 

[0 0 2 1 ] *m©iSSJK©^> ?7 , E s j;f)fe*f 

t. WmctRjR^D-5>^mihi>>E <i -C&-&„ L#> 

U %&micMt9i-Ch. i^-tf 

-fS-inhi/ >E 0 ©^fr (n= 2, 3, 4, • ■ • 

•5. /n-;i>x #?©*£•. u-if7t©?*a«u-if*©^ 
.^©f-^z-c^-SS (w/cm 1 ) -e&3!9, WAtfe- 

f/-C7-?BK*S 1 x 1 0 s (w/cnO «±©*#-C^*^F- 
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U-if#©lAOl^Mifc»)©x*;l^---) -r (u-ifjfc 
S„ *fc. u-if^^gau-ifft© 

[0022] c©j: 'iK&yt+mummmTttmffiB 

mcmi U-ifftDX©JSHicoC»-rE 1 ~0 6 Sr^T 
0i«u-if»nxcf]CDflnx>rtm^i©¥ffl0 
■C*«J, S2W01 (C^-Ttt]X^!gJl©ii-iij8l(C?& 

0 tcmmmx-& 9 . a 3 « u - if flnxf£©tnx*t«^ 1 
10 o¥iir*o, 0 4 rain 3 kth-t Jjox^tm^ 1 ©iv- 

ivHtcS-QfcBfBS-C^O. 05»03(e^flnX*t£t 
iai©v-v^tc?9- 3 fc»fffl0'r'*o. ^6«^j»T3*T.fc 
ttix*f^ 1 ©¥ffi0-c&& o 
[00231 S1 RO'E2 ic^f <fc 5 ft, ftJXM^ 1 
©*M3iC«^»rf-€7-Y>5*i»5. SBBrf^^ 

rtSB{c»3fe.^p*^fe-tt-C U-if3feL*flnX*t&!f?J l icM 
«L/-Ci»»««7*}gfi£-r4. jgft.£i«U-if 
20 ^L3»^*bfca3f©Ci-C*S 0 

[0 0 2 4] U-if*L*W»f^^7-Y>5(C?S-,r 

-t±S„ CftiCj:9. 0 3~05tC7p-rj:^K3fesm«{7 
*5^3ttff^^7 > 5 (tSo r »X*f^ 1 ©F*92Pic©# 

ffM^ns. *«Bfflicc«4u— tfjux^fffitt. Jnx 

1 # u-if*L*®iR-rs C i 5C J: 0 »DX>Ff^ 

1 =£#s»§-tf -cksm^7 ?:MiS-rs©ra&^ 0 tax 

*t#l^ 1 K U— tf*L*ailS-frftII*f3M!J 1 ©rtSPtC 
or. ttX*f^l ©Sffi3rttU-1f;fcu!Mi£A,<!: 

w^ti^^ot, toxMa© i ©^ffi3 tfimtrz, c 

[0 0 2 5 ] ^DX*f*© 1 ©^JBfKfctir . ^r)»f-r*® 

BFfcc^*s** ijwxwm^i i «*©£§*#> p>sjns© 
wtsci^tt^. .tot, mj:#mmi<omffi3 

fc^iHBailtitftt $ « 4 C £ fc < ft]X*f^t3 1 ©W 

40 [0 0 2 6 ] BJcHM^&^i L/cftIX*t^© 

WBrK. ^©— — o«. ^SMt^J 

©J?*^#l,ii#&©^)Bf-C*€.. A^w&^Enflns 

ti?>i«, mw. jrax*fa^©w»f^7^>ic?So 
Tjax^^jcfttfjc^^Bfjs^j&jjD^fco. apx 

50 itcto. «K««*fi.^iL-CJ)Pl»*«iO»fliWiaj 
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8W«*»«0fc«»©**«iK"r« c <t *«r* £© 
[0 0 2 7 ] sr. **asjK»cc*(r^r**f»jRcc<t 

( 1 ) SRWsltf-oXIfflSO^ * 
*tf^^4>L1Taft*6a«EE«*«) ©I*»C«*j& 

t^fo-sr, «*.^*t«watt#i x i o 3 (w/c 

0 »x»*»©rtswc * 5 ^ * MtftsjBft $ ti £ . SI? 
MolMiOtii, m«i x 1 o 12 (w/cm 2 ) r 
ns-2 0 0nsW#*Ll\, ft 

®4 5 si/— *f»jjnxw^s&s:ai ( 1 9 9 s*p. 12 

M) ©J£2 3H-SI2 8 It© rH#U-1f-Wlift(c J: 
[0 0 2 8 ] HW^fti ^5 v ^©A£ 5 

4>£„ 

(A) Jpx*f*«l : r*4 U 9 (SMfcAW) 
(11$ 7 0 0 Mm) 

(B) U-1f 

: #2^ftU-lfJ®jSeNd:YAGU-lf 40 
jgg : 1 0 6 4 nm 

U— !F#X#* hKffifSf : 3. UxiO-'cm 2 

UMiSOJSiKtfc : 1 0 0kHz 
/N';l/Xipl : 3 0ns 
ffl^ : ffi^< 1 mJ/^l/* 
l/~1f:3feiRiK : TEM>«, 

(C) »7fefflU>X 

u- ifj6K««:jw zmmm = 6 o^— h so 
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(D) ax*f»«3W«B3nS»«e©»«PilBE : 1 0 
Omm/g? 

[0029] ia7B±iaan©i6**^Ty77r* 
tcj^jSRsnyt^^y^au^ <£^***#* f> ©a# 

©fiF*# 10 0fi s BPa ( na) ifi o . 8 0 ©n^-c^ 

(C) ©fS*#S5 0fik MDtt (NA) ^0. 5 5 0«^ 
X'$>Z> a tr-^^^-BfJtsWl 0" (w/cm 2 ) 
»DX^«l©rt«K:i>7* h#ffe£U 
^<9-*fl[#^:*< a 5 h 

[0030] &9m&mc&z u-if jaxtcds^ 

r . ? ^ * £ ffiJftgj&tC <t £MX#*®KD«JSr© * *3 - 
^"ct ^&C, jP*THl4)l3W£ 0 S&#TflDX»«Bj 1 ©ft 

^tc*^p^^^ru-if^L^»x^miaucM» 
^ v zmuxttm* i (omms iai2i tcsjac m 

1 1 tc^f J: *> CCftIX*f*» 1 3&sf m £ C i CC J: 0 ftPX 

[0031] ( 2 ) mM^flnira««o«^ 

1 X 1 0 9 (W/cm 2 ) fcl±r^O^^X|g^ 1 s 

fc««ii^citr#*. ^so, ma. 
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mturte, WiBlxio 11 (w/cm 2 ) ^vi* 
K lns-2 0 0 nsWJff S 

[0 0 3 2]*»w*b. ^y3>^*^©rtaw»tt 

^««*i»RE3h-SC4*IIKK:j:0ltttLte. SIR 

(A) JDX^*«J : y'J^^^xA (»S3 5 0 Mm, ?f 

(B) U-1f 

jKjR : *2»f*b-1ffa^Nd:YAGU-1f 

: 1 0 6 4 nm 
U-1f3fc:*#* HBrffiW : 3. UxiO"^ 2 

*S9iEtyHS8R : 1 0 OkHz 
^/l/Xflg : 3 Ons 
ffl^i: 20 mJ/^U* 

(C) *3fefflU>X 
«*:50 f§ 

na: 0 . 5 5 

(d) ra»»^«i3n5«ieo»iiiais : i o 

0 mm/# 

[0 0 3 3 ]il 2»±R*frrOU— !ffllIXK:J:g$J 

[0 0 3 4] SWIfl^ 1 3 jWaWfcWMJMC J: rj 

■J^yl^H^BOMrFk 1 0 0 Mm. 2 0 0 Mm, 
5 0 0 Mm, 1 0 0 0 MmCDS* Ctot>T±3ERKS*7j*0 
fc. 

[0 0 3 5 ] Nd:YAGU-tf(DSgg"C** 1 0 6 

4nmCC*$liT v 3>iS©»^5 0 0 MinKTO 

> y 3 >»«CDrtg[5rii U -If 8 0 %«±j8 
iitSCtWi, Ell 2Cc*-r^'J 3>^x/» i l 
OJ!C35*3 5 0 /zm"C*S<D-C\ !ftJRCC<fc*j81B 
V y 3 > £ x ^CD^c^ifi, o£ 5 Sffijfc 6 

/S3 2 0 0 MmO^y n>£ x^^r##{C"T^<b. 90 
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tix . ?ga^®ffl^^ 2/ y n > * x ^ 1 1 ©rtasficjgjss 

fg6 6J6 (2000 ^4^) 3 MO 

rea»^;^ u-if«:J:S^y 3><oflnx«i4ffFflij 
10 [0 03 6] fcte, j/y?^*^, ^IsMSMtSc^ 

X*t*«JiC*^En»DS n & C £ (C J: 0 ft 

2 cc ct: ^ cc \Hmto&m&mmmm&&f& 2 n £ 0 
J»x^»©rt»cc*i^ffi«i«*»^-i-s»^. «w 

[0 0 3 7] ( 3 ) BtK««3&Jra»fSp^ft««K)»$ 

u-if**»px»*i» (m(^7X) owwcsBte* 
*^bt*r % i^W^lWM^ix 1 o 8 (w/c 

m 2 ) feLbr*o^ji/X«3&s 1 nsWTOftftrjBStrSo 

30 ^^^atsae)r)g< or, ^^RjRiflnxa***!© 

ftSP 5 C$5 c 5 * & <h , jyfe^iR CC <fc £ x * )l> ¥ - 

x * ji *? - ccKfb* r cc » inx»**(Drt»«c » ^ * > 

mmtLXtt, W5LK1X10" (W/cm 2 )^^^,, ^' 
/V 1 nsHT^ff * l> < , 1 ps«T3&«3 ?>CC 

»4 UmSllXW^aft^ (19 9 7 

llfl)©IlO5l-Illli0^7xAf# 

■««*^3WRlR«cJ:0«j«or^*. fit, 
*^IS«toX»*«i©ff*5f|fii«:*jfcf4 ix-if*©*3fe 

[0038] coffiitMaptcocir # ^ ^ zmmzmic 
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x, myt£izmx*}».fy) 1 com^^c^>xm^(om 

[0 0 3 9]I15iJill4 l*C5f,?mTj$mm 1 <£>0$7> 

^c«s-r^>^^ ^9 i ±mw3 mw2 n 
muumfy) i war^^o n i 6 cc^-r ^ ^ ^ 

M*lS9 /^UX U-1f^L(DSI^^flDX>ft^ 1 CO 

3t<c^iimcmBOX&f&$titcb<DX&& 0 

ai7«ai6 ^c^-rjux^tm^f i <D^mmmx 
x. &mcf&m-?z>?^y {79 i&mw 3 xte^co&m 
as 3 (c^ c ^Ti^cDr\ mxmmt i ^^^cc^-r 
[oo4i] mx^mm i <dsim3 ccm^ 1 ^ a 

^^^^M^(9^6^^^^9 l^XStm^lCD 

x.rA^Wcc^^^^9 i ^^^^rttiKT^^fe 
3t®3Mtc*5t>T£^ >^ 9 icD^^©m^^ 
0^fi$tc£iBtir£ c v) ^ coSJSgcc J: 9 

or, ????g iojiSfij6rfai6o-rn*/hs<-c#4 B 
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3tffi3ocJStt % gi30^^f>^si^^ mk 

[0 04 2] U-tf3fcL©Sljfo£4flnX2* 
SP*cDSffi2 3*1*0 HI 8»01 4<b|Hj« 

tc*4t^JKc«6 u— tfflux^^^^r^fissnfc 

[0 04 3] JOXMi 1 x^Oii 

> *««9 *»Ttt«:»Jit3ii, «Hftt©*7 * 
**««9 tY«^(D^^5r^«i«9 3&SifcCcJpx*t 

[0 04 4] ctiic>ftur, H l 8ic^-TJ:^Jc, »px 
9(D{4^iV#^<D^^ ? ^»«9<D(afit4S&% 

[0 045] ttfc, >#i^(D^7 9 ^ii9MW 

9 1 jtccjBias n/c ^mm 9 «t o &mm ( Alt 
a) 3«c^-rso*«fso^. mcnmztiz?? 

3^3feCC»JsR3*ifc^^^^««9tcJ:0ftSL3n-5. C 
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or, &ic&&3tiz*^y9mm9 

[0 0 4 6 ] cncc^Lr. mzBfSZStlZP? y?m 

5 v PffiM 9 Zi^—trOtm-? & C t&V * S . 
[0 0 4 7 ] «±»WU/cJ:5CC % *HJfi0«CCJ:n 
tf, »IJXM^Oil^^tCfc^^U-1f*CD*^CD 

X*MM* CcKG/cU — if flux** pjf & i ft £ o 
[0 0 4 8 ] &4b\ a»««©(4IBWJffll3&ir#4 C t {C 
our, ^7^««o»^tiBWUfej&J. ^Ifc&illS 

--ifanxsgaccoc^rK^-rSo ai 9«ccDu-ifso 
iili o oo«Bg«iSlir'^-s 0 u-ifflnx^gi o 20 
o&*, u-tf*L*^*-r-5u-ifjtaa i o i u- 

tf*LOU*^^Jl/X*Wf«ra(l»-r*fc86«c IfJER 

i o i *«»*- 4 u-if*aa#jffliSB i o 2 £ , sf* 

L<DJSS*t»#g%*0^OU-lf^L(D*#<Dr^&4 9 0' 
^;L4J:5*cKB3ft/c^#n^ 1 0 3 

<h s 0 ff# 

L^Mt^MffiU>X10 5i, l*ffll/yX10 

5ti*3 n/c u - tf 3fe l^jhw $ n 4 *px*f a^? 1 & 
mmzti&mm&i 01 1. mmi$ 1 0 1 zmfifotc 

T->>1 1 it, mstl 1 0 7 *>«RtfYtt;&ffij«cfi£ 

Ctl^E^f-^ 10 9,111,11 3©^ft«:»I 

[0 0 4 9 ] U~1f3fciS 1 0 1 »/^X !f*4^ 
T4Nd:YAGU-lfr#>4 0 U-lf*iS 1 0 1 CCffll^C 
<t#Sr£4 U — If <t OT. CCDfiL Nd:W0 4 U-lf^Nd: 
YLFU-~1f*>*#>1f 77 -fTU-1ftf*4. 

mm^mwimmmm^mf&'r^m^ Nd:YAcu — if, n 40 

d:YV0 4 U-tf, Nd:YLFU-if^rffil^(D^Jf®r^)4 0 

1f&flK>4©J0**Hi , r*4. »**TOXCY)«rtTfpI<D^ 
JfllX*fft*gj 1 &X(ymA?—*s 10 9 (111) 
CC<fc0xCY3«ftfri^«c««p3-tt4ciCCj:0tf5. ttfi 

i cc A*f~r ^ u -tf ^l^^^jko^ <b a 

C<fcKI<fc*K ^xMa^i©rtgpicu-if^L©si^p 
^bf^ci^t^^ zUxf-yi 13 50 
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1 oj?^iPi{c*5C^r«^(D*»coagj: 0 Alfa 

SI^:ffiU>Xl 0 5*^;£fiit#tt3tf4C<tlCj:r> 

r*>. cn60Mgs^u-if^om^*4»Dx^tm^cD 

x 1 0 5 #jnx*fswij 1 ©ff^^ffiicc^ttr s»-&^a> 
4 cor, ftixat** 1 oji^^jtcfe^s/jnxstati i 

4 0 

[0 0 5 0] CCr\ 2ttX^-^iCj:S»PXSt*«JCD 

/f^f^{cfc^4ll*^poagopgejcocir02 0 

»tfH2 l*JB^r3MJIT4. *«»^!B-CttJPXat* 
>rta®l©aM (A*f®> 4*miLrttIX*ta^fCDrtl[P 

it * p*sflnxa**« 1 o^ffi 3 «: tta 0 r ^ s « ffi 

U>X1 0 5CCfttfrz^»2tf£<!:. «3t*rt*»H3 

«ca*-r*JDx»**jiojBJf*r*s) . <fcor, 

1f*LCC*t-rs/IIIX*f*» 1 ©BB8f**#atL"C2H^f- 

0 , «j6jSP©jtwxit*«! 1 <DB&iimttewz>mm<D 

(nz) i-r^ 0 ccD^gt (nz) ^±iB/air^ <n) 
xm^&ctfc^nht\tc&nw (z) /c^. Mx*t 

SHOO 65c, tgg^ 1 0 7l£«g3ftfclJ[IX** 
1 J: ^^-r^/c^CTTOS^M 

T^ll^ffl«117i, ^^0^^^7-103 
SC;**fflU>Xl 0 5il3D56l*±CCiBB3nfcnia 

*l<Df-^7*y •> ^ 1 1 9 4K^ 0 if-Ax 

v %\ 19 ii^U>Xl 0 5 t<Dmc¥41>Vl 
^7^^7-10 3^|2^$tiri^ 0 t'-A^^J y 
^1 198, ^I*S^¥^4S*fL^0©^*SI 
iiT4^^WL^o^I^©^#^^^9 0' ^ 

^.4<fc5fciB«snrc^ B w^ffl^feisi 1 iiph&SL 

1 0 3St>*SI*fflU>Xl 0 5€:jSaL. flJX*f*^ 1 

[0 0 5 1] tfUDX^Bl 0 QteZhlC, t-AX 
^'J^l 19, ^n^^^5^-l 
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1R0«*U>X1 2 3£{*x.£ 0 2 1 tL 

r^Mx(^CCD(charqe-<oupled device)*?^ ^^3 o 
«WW5E 9 -f > 5 3 *JR»! L fc^ffltWtO 

103, t^A^7*'j * 3? 1 1 g^aau , *Sff^>X 
1 2 3-ctt«stir»«*^i 2 lrsisn, 

[0052] tfaxjsai 0 otezhic, m»m+ 
1 2 l^sm^stifcafR^-^^A^snifi^- 10 
zmmm 1 2 5 <t , u — !f flnx^a 1 0 0 ±{*£MW-r 

*£#WWaUl 2 7£, *~#1 2 9<t, £{f*£ 0 » 
^-^MiMSPl 2 5tt, »«^-**Sccor«SWB 

LXXf—smWSll 1 StfzM^'r-^l 1 3£*£I& 
mm*? £ c Ltr€£ 0 s pim^cD^^ft® 3 k:^ 5 cfc 5 

fcfia^sa**^-^ 1 1 3<D{±Lmitte^r, u-tf 20 
*L©a*^pfe*ffi 3 tcfeg-r & J: 5 cc u - if »ax»K 
iwsws street J**?*-***, **Mtp 

1 (omfrjjftitctow&mxttMi® 1 ©ffi©ffiMw#tts 

l 2 7fci£6*i, **»U»W"C«««iffl*5a:S*i, 

Z 1 2 9 CCiH5n^> 0 cn&C<£ 0 . 1 2 9 teifcrt; 30 

[0 0 5 3 ] ±mmtR i 2 7 tew, 1 

mmmtR 10 2, «S?R3ittBi 1 1 7RWr-^JW 

1 1 5*w«-rsc£K:j:9, u-if»nx^gi o 

ft£»T& 0 ^fl*|»»l 2 7W3>fcT*- 

02 1 rM93l/fc#»iI (z) <D<F-Z 

&At)Ztl, nmStiZo ^«*J|S1ISB 1 2 7 40 

12 7, Xf—^JfflJgpi 1 SSa'ZfAXr*-^ 1 13 
CCcfcD, S3WU>X1 0 SCcJc^^Sftfc^i,;^ 
-1fftom9L*<D{iLmxlMXtt»® 1 ©«#©t5Hrtr 
■K!5S#iS. ^C*C, HI 9MB2 2*ffl^t. 

j&«fc«su-if»x^*«i8r«. H2 2«, c<d 
[0054] *-r % ax*t*ft i (Dytt&mmzm^o so 
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^jgs<Du-if*L4^T5u-if*»i o i zmm 
-?*> (si o i ) . yece, flnxstawio/sssraws^" 
©»Di«»3acfflDi*f»» i <omm mzmic l 

T. JDXS**«1 1 ©ZllrtFlft<D»«» (z) *9ae-r £ 
(S103). Ctl«, U-tf36LCD»^R^flnX*fft 

wi<ort»«cflirai3-i*s/c«>cc, j»x»*«i©affi3 

iCfigf^ U-if*L(D*^*S»£ L/cjQX^tm^ 
10zW^<D^«jMt?^£ 0 ttJX^tm^lO 

o^BfrS (z) ftix*f*!Bji<D/»^rfiitc*j^sjp 
XW^ftO^^iftMcD^-^cD-Wr**. HtL£ 
PtD{4{K«/WX*r*»l©j»S, MS. ftlXCDSjm (« 

$fJPa51 2 7iCA^3ti£ 0 
[0 0 5 5] ftIX»*» 1 *U-1f»PX«H 1 0 0<om 

mis i o 7(cisg-r^ 0 ^ur, «»«*Bii7ft6 

mK^i^SttrflPXS^^liJKeB-j-* (si 0 

5) . mw2fttc®vfttt5j>b&&t*mj^Mm\ 

1 7<7)^m7fe0^^^3Cc(4^T£J:^m^^- 

z&smtz (si 07) . c©j«j«r-*«, flnx*t 

[0056] c(om^-^\t^r—i>nmni isk 
jne>n& 0 x^-^waBBi 1 5«, ccd^t^-^^ 

K&CLTZttX^-^l 1 3*Ztt*|pICD^Iii3i±-5 (S 

10 9). ctaccj: 0 . MM^S i l 7 cDDjm^oji 
**^ffi3«c(ia-rSo zi4^^-^i i3<Dc<DiiLm 

SCtCcftSo JB^r-^^SSBl 2 BMftf 

-^ics^^r, WK^S^-f^BiStfttlx^ftWi 
©*ffi3 0jfc*:H«'7 r -^S:»||t'i-4 0 COffiAi®^^ 
-^W^SlJ^SPl 2 1 *ki\hX*2~>? 1 2 9tc^e. 
ft. CtUCj:?)*^* 1 2 9CC^»f^7-f >5tf3fi<D 

[0 05 7 ] ^»$IJ®gP 1 2 7 OCfcH^O*?- ? ^Sl 0 

3 xm£ 3 nfctB^^BftMx- a* s *vc*$ o , 
co^Sifif'-^^^f'-v^WSPl l 5tciM^ti^ D 

x^-t?«W8ui i sitizv&mmf-zicm^x. 

ic, zixf- ^1 l 3tcj:0»nx*f^l tmfiftvc 

l&mz^Zy (Slll).^JC, U-if*iS10 1^6 

ffi3©W«rP3E7-r>5«:jiaW-i-4. U-tf*LO»7fe 
*rt*»X»*ttl<D|*3»CCttKLTC»*0-C. ^iWa 
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mmM&tmj^^m 1 ©f^c©*?^;* n &„ -e o 
bb^^ -f > 5 ccts 5 j; ^ tcjjnx>f+m^ i ©rtgfucjgja 

T& (SI 13) . -eUT. »H»f»!BJl%«»r^5e7 
(SI 15). CtUCfcO. JDlM»l4:->y3 
[0 05 8 ] *HJt^<D^€rSiBJ-r*= *£$II»&JS 

0 9*>Y»*x?— £>l l ltSlSliiCiKJ:!), * 

*itc<fc»K SWW(Witf*5»?«W, 

«. JH*r**fMRilS) £WI§B^E^>5{C?Q*> J^K 

J)[jX*fmf!l 1 ©l*J§fS&C L T 1 > £„ ZjHX*f&fJ©9J»r 

L/T§]KfS7 > 5 ievSo r ftOXM^ 20 

1 %fU-5 C t K. £ K> . ]fc«W/hS &*rftlX»*iBl 1 * 

WBff-r atitfrss. ctucj:*). jjnx*fm$t i ©?s 

3-SSC«!:a<»ir«*«!14W»r , r4C<t3(H-C*4. 
[0 05 9] *<fc t :£*JfiJ$»K:j:fttf. JDXSt^tf 1 

(c£#?«iK*ige 3 •a-s*fl=r*»oaii*t*«j i ©i*i 

iM^m 1 £3tifiL . JjQX*tmf!l 1 ©Siffi 3 -CIZ'WX 
U— !f^L;Wi£^SMR£ttfc^©-e, BSffflfilSJFM 30 
A5JlH-eaS 3 ^jgBl&lf© ^-y*§W4Ci lift 

[0 06 0] ajJWIBL/fcJ: ^ tC^Jfe^^tc «fcti«> 
1 ©ilM 3 tcWBr?^ 05* t,W-fttt 

ItSCims/ir,^ JSOXStJMJ) 1 UWM%¥ 

«ffi^-d»->^RR3tir(,iSJnx*fSi!Bj-?». je«*t- 40 
[006 i ] a/*:, xmmmmic £tiiz. DaTMmm 1 

©iiffl3©^^£^>5{i?gll3!Lfct,>©-C. ^3»r^ 
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$ < r # 6 . c hK j: «? , -^©Jnx^a^ l *> 

3*l4«S©«ia»*.. »p a p©^jgtt*(S]±3-a:.5,Ci 

[0062] ttc. &mmMJ8nc£ti& mxMMm 1 

©ttKtoX(CU-1f*&/IH>5©T\ #-Y-t»*> f ; 5!7:» 
PR «. 02 3 (C^-f ct 5 CC^UBf^ =y ■{ > 5 #8Jf & 
J^K-C*o-ct>. ^JS^K£ft«^IKJWX#nTfil<fc 

^mctov zmit&ro&mzmmvxmj-ttfm 1 k 

/■Ml/* U— !f*L*JSftl/r»R««*JBfiSL-Cl»^. 

cnfcto, Mx*f*^ii©J5*^r[njK*iWS^3?^« 
©#». J¥3« Jraxo^^tciEtrttixsptft^ioil 

Ttt&m 1 (cl6Dfc^J»r*nX*SoJt8i 
[0 063] 

imw<Dm$fk] x&wimz u-ifjnix^ffiR^u— if 
torsarKifttf. ftii»*»o*fflKiBiBrt>«jiiHi« 
7 6 Wi fcitia D S C <h < , miM$m Z 

lf^'^ ^ » 7\ ?g^©«^«B) ©£g£ D f ^ 

[0 0 64] **wccifia u— *fftjx*^ac;u 

x«*t)*^j»f-r-sci*3-r-*.5©r'. nm<ox^m^ 
[0 065] ttc. ^wm&z> u— sfjnx^ffiavu 

— !fJnX*«(Cj:ti«, ?(MMJ«<tffe©^S««<!:43± 

siw 4 & 4 mm v&mwm t m<D&mmw t vm. 

UtttxOT. ^*i^fii&.2»@^ ; ©WWtSft©<gT*R$ 

[0ffi©is#&ijiw] 

[an #m)&BMt / c&& \s~ymjjj-mz£-oxv~- 
y flnx*©Mx*f^©^ffi@ -c* ^> . 

[02 ] a 1 {c^-rSDX*f*^©II-II^fcSofcWM 

[0 3 ] #mmmmit%z u— <?mj.^mc&z, i<—y 

[04] 03(C^-T»X*f^©IV-IV^fC?&-3/cWffi 

0-c*§. 

[ 0 5 ] 0 3 tC^f JJDXM^©V- Vf^tC © ^, /cKE0 

[0 6] ^tfe^«(c^& u— if anx*aK j: -c^jk 

[0 7] ^SBft^««:«SU— lfftIX*j*K:fcW-6*» 
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im8 j ^mmmmz u-if»nx;^©» 1 xhcc 

[0 9 ] &9mftmtrC{&2> u-tf»ux*ffi©»2XM«: 

*j w *tox#**©»rffiis , r* * . 

111] 2B8»»l»CC«*U-1fflPX^fl[)»4Xg 
CC fc Vt Z toXSt^tftcDKEBlT? * £ o 
[012] ^«»«cc«« u-iflnx*ffi(cj: 5«jk 10 

[815] HI 4(c^TflnX*t^«!<DSB»»rME|-C* 

£ 0 20 

(Hie] ^mimm^-^iMJ^m^m^xm 

[H 1 7 ] H 1 6CCinrttIXS**«!<oaf»BrMiar* * 
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[0i8] **JBB*K:ffi&u-ifftix*i*ftfla^rfti 

[Hi9] ^M&mt i ci%z\s-?mxmm<DMmmj& 

[020] U-1f*©ai*^itoX«il«(D*ffi±K:tt 
[H2 1] U-1f*Offi*^ax»^<DrtSP(C(4a 
[02 2 ] 2^g|^«^ff5U--!fttlX^ffi4Bi?)i-rS 
[02 3] «OB»««c«*U-lffflX^CCJ:i3«!Ilfr 

*rte&^ * - > -r & /cto(D»px*t««jco^PEig -c 

[«f*W«] 
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